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ELECTRO-OPTICAL DEVICE AND ELECTRONIC DEVICE 

[Scope of Claim] 
[Claim 1] 

An electro-optical device which comprises a pixel comprising: 
a first TFT; 

a second TFT which comprises a gate that is connected to the first TFT; 

and 

an EL element connected to the second TFT, 

wherein the first TFT comprises an active layer in which 2 or greater number 
of channel forming regions connected in series are formed. 

[Claim 2] 

An electro-optical device which comprises a pixel comprising: 
a first TFT; 

a second TFT which comprises a gate that is connected to the first TFT; 

and 

an EL element connected to the second TFT, 

wherein the first TFT compr i ses an active layer inwhich 2 or greater number 
of channel forming regions connected in series are formed, and 

a channel width of the second TFT is greater than a channel width of the 
first TFT. 

[Claim 3] 

An electro-optical device which comprises a pixel comprising: 
a first TFT; 

a second TFT which comprises a gate that is electrical ly connected to the 
first TFT; and 



an EL element electrically connected to the second TFT, 

wherein at least the first TFT comprises an active layer in which 2 or 
greater number of channel forming regions connected in series are formed, and 

an equation of W2/L2^5XW1/L1 establishes where a channel length of the 
second TFT is L2, a channel width of the second TFT is W2, a channel length of 
the first TFT is LI and a channel width of the first TFT s W1. 

[Claim 4] 

An electro-optical device according to claim 3 wherein the channel length 
of the second TFT (L2) is 0. 1 to 50 ^m, the channel width of the second TFT (W2) 
is 0.5 to 30 |xm, the channel length of the first TFT (LI) is 0.2 to 18 \m and 
the channel width of the first TFT (W1) is 0.1 to 5 ^m. 

[Claim 5] 

An electro-optical device according to claim 1 through claim 4, wherein 
the first TFT is a switching element and the second TFT is a current control 
element. 

[Claim 6] 

An eletcro-opt ical device according to claim 1 through claim 4 wherein a 
LDD region of the first TFT is formed so as not to overlap a gate electrode of 
the f i rst TFT by interposing a gate insulat ing f i Im therebetween, and a portion 
or al I of a LDD region of the second TFT is formed so as to overlap a gate electrode 
of the second TFT through the gate insulating film. 

[Claim 7] 

An electronic device which comprises an electro-optical device claimed in 
claim 1 through claim 6. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention pertains] 

The present invention relates to an electro-optical device, typically an 
EL (electroluminescence) display device formed by a semiconductor element (an 
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element using a semiconductor thin f i Im) made on a substrate, and to electronic 
equipment (an electronic device) having the electro-optical device as a display 
portion. 

[0002] 

[Related Art] 

Techniques of forming a TFT on a substrate have been widely progressing 
in recent years, and developments of applications to an active matrix type 
display device are advancing. In particular, a TFT using a polysilicon film 
has a higher el ec trie field effect mobility (also referred to as mobility) than 
a TFT using a conventional amorous silicon film, and high speed operation is 
therefore possible. As a resul t, it becomes possible to perform pixel control, 
conventionally performed by a driver circuit external to the substrate, by a 
driver circuit formed on the same substrate as the pixel. 

[0003] 

Th i s type of act i ve mat r i x d i spl ay dev i ce has been in the spot I i ght because 
of the many advantage which can be obtained by incorporating various circuits 
and elements on the same substrate in this type of active matrix display device, 
such as reduced manufacturing cost, smal I size of a display portion, increased 
yield, and higher throughput. 

[0004] 

Switching elements are formed by a TFT for each of the pixels in the active 
matrix display device, current control is performed by driver elements using 
the switching elements, and an EL layer (electroluminescence layer) is made to 
emi t I ight. A typical pixel structure at this time is disclosed in, for example, 
in Fig. 1 of US Patent #5,684,365 (Japanese Patent Application Laid-open No. 
Hei 8-234683). 

[0005] 

As shown in Fig. 1 of the US Patent, a drain of a switching element (T1) 
is connected to a gate electrode of a current control element (T2) , and is also 
connected in parallel to a capacitor (Cs). The gate voltage of the current 



control element (T2) is maintained by the electric charge stored in the capaci tor 
(Cs). 

[0006] 

Conversely, when the switching element (T1) is non-selected, the electric 
charge leaks through the switching element (T1) if the capacitor (Cs) is not 
connected (the flow of current at this point is referred to as off current), 
and the voltage applied to the gate electrode of the current control element 
(T2) becomes unable to be maintained. This is a problem which cannot be avoided 
because the switching element (T1) is formed by a transistor. However, the 
capacitor (Cs) is formed within the pixel, and therefore this becomes a factor 
in reducing the effective luminescence surface area (effective image display 
area) of the pixel. 

[0007] 

Further, it is necessary for a large current to flow in the current control 
element (T2) in order to luminesce the EL layer. I n other words, the performance 
required of the TFT becomes entirely different in the switching element and the 
current control element. In this type of case, it is difficult to ensure the 
performance required by all of the circuits and element with only one TFT 
structure. 

[0008] 

[Problem to be Solved by the Invention] 

In view of the above conventional technique, an object of the present 
invention is to provide an electro-optical device having good operation 
performance and high reliability, and in particular, to provide an EL display 
device. Another object of the present invention is to increase the quality of 
electronic equipment (an electronic device) having the electro-optical device 
as a display by increasing the image quality of the electro-optical device. 

[0009] 

[Means for Solving the Problem] 

In order to achieve the above objects, the present invention assigns TFTs 
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having an optimal structure in view of the performance required by elements 
contained in each pixel of the EL display device. In other words, TFTs having 
different structures exist within the same pixel. 

[0010] 

Specif ical ly, an element which places the most importance on sufficiently 
lowering the value of the off current (such as a switching element) is given 
a TFT structure in which the importance is more on reducing the off current value 
rather than on high speed operation. An element which places the greatest 
importance on current flow (such as a current control element) is given a TFT 
structure in which the importance is more on current flow, and on controlling 
deterioration due to hot carrier injection, which becomes a conspicuous problem 
at the same time, rather than on reducing the value of the off current. 

[0011] 

It becomes possible to raise the operating performance of the EL display 
device, and to increase i ts re I iabi I i ty, wi th the present invention by performing 
proper use of TFTs on the same substrate, as above. Note that the concepts of 
the present invention are not limited to a pixel portion, and that the present 
invention is characterized by the point of being able to optimize the TFT 
structure contained in the pixel portion and in a driver circuit portion for 
driving the pixel portion. 

[0012] 

[Embodiment Mode of the Present Invention] 

Figs. 1 to 2B are used in explaining the preferred embod i men ts of the present 
invention. Shown in Fig. 1 is a cross sectional diagram of a pixel of an EL 
display device of the present invention, in Fig. 2A is its top view, and in Fig. 
2B is a circuit composition. In practice, a pixel portion (image display 
portion) is formed with a multiple number of this type of pixel arranged in a 
matrix state. 

[0013] 

Note that the cross sectional diagram of Fig. 1 shows a cross section cut 
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along the line A-A' in the top view shown in Fig. 2A. Common symbols are used 
in Fig. 1 and in Figs. 2A and 2B, and therefore the three figures may be referenced 
as appropriate. Furthermore, two pixe-ls are shown in the top view of Fig. 2A, 
and both have the same structure. 

[0014] 

Reference numeral 11 denotes a substrate, and reference numeral 12 denotes 
a base film in Fig. 1. A glass substrate, a glass ceramic substrate, a quartz 
substrate, a silicon substrate, a ceramic substrate, a metallic substrate, or 
a plastic substrate (including a plastic fi Im) can be used as the substrate 11. 

[0015] 

Further, the base film 12 is especially effective for cases in which a 
substrate containing mobi le ions, or a substrate having conduct ivi ty, is used, 
but need not be formed for a quartz substrate. An insulating film containing 
si I icon may be formed as the base film 12. Note that the term "insulating film 
containing si I icon" indicates, specif ica I ly, an insulating film that contains 
silicon, oxygen, and nitrogen in predetermined ratios such as a silicon oxide 
film, a si I icon ni tride film, or a si I icon oxyni tride film (denoted by SiO x N y ). 

[0016] 

Two TFTs are formed within the pixel here. Reference numeral 201 denotes 
a TFT functioning as a switching element (hereafter referred to as a switching 
TFT), and reference numeral 202 denotes a TFT functioning as a current control 
element for control I ing the amount of current flowing to an EL element (hereafter 
referred to as a current control TFT), and both are formed by an n-channel TFT. 

[0017] 

The field effect mobility of the n-channel TFT is larger than the field 
effect mobility of a p-channel TFT, and therefore the operation speed is fast 
and electric current can flow easily. Further, even with the same amount of 
current flow, the n-channel TFT can be made smal ler. The effective surface area 
of the display portion therefore becomes larger when using the n-channel TFT 
as a current control TFT, and this is preferable. 
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[0018] 

The p-channel TFT has the advantages that hot carrier injection essential ly 
does not become a problem, and that the off current value is low, and there are 
already reports of examples of using the p-channel TFT as a switching TFT and 
as a current control TFT. However, by using a structure in which the position 
of an LDD region differs, the problems of hot carrier injection and the off 
current value in the n-channel TFT are solved by the present invention. The 
present invention is characterized by the use of n-channel TFTs for all of the 
TFTs within all of the pixels. 

[0019] 

Note that it is not necessary to limit the switching TFT and the current 
control TFT to n-channel TFTs in the present invention, and that it is possible 
to use p-channel TFTs for either the switching TFT, the current control TFT, 
or both. 

[0020] 

The swi tching TFT 201 is formed having: an active layer comprising a source 
region 13, a drain region 14, LDD regions 15a to 15d, a high concentration 
impurity region 16, and channel forming regions 17a and 17b; a gate insulating 
film 18; gate electrodes 19a and 19b, a first interlayer insulating film 20, 
a source wiring 21, and a drain wiring 22. 

[0021] 

As shown in Fig. 2A, the present invention is characterized in that the 
gate electrodes 19a and 19b become a double gate structure electrical ly connected 
by a gate wiring 211 which is formed by a different material (a material having 
a lower resistance than the gate electrodes 19a and 19b). Of course, not only 
a double gate structure, but a so-called multi-gate structure (a structure 
containing an active layer having two or more channel forming regions connected 
in series), such as a triple gate structure, may also be used. The multi-gate 
structure is extremely effective in lowering the value of the off current, and 
by making the switching element 201 of the pixel into a multi-gate structure 
with the present invention, a low off current value can be realized for the 
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swi tch i ng e I ement. 
[0022] 

The active layer is formed by a semiconductor film containing a crystal 
structure. In other words, a single crystal semiconductor film may be used, 
and a polycrystal I ine semiconductor film or a mi crocrys ta 1 1 i ne semiconductor 
film may also be used. Further, the gate insulating film 18 may be formed by 
an insulating fi Im containing si I icon. Addi t ional ly, various conductive f i Ims 
can be used for the gate electrodes, the source wiring, and the drain wiring. 

[0023] 

In addition, the LDD regions 15a to 15d in the switching TFT 201 are formed 
so as not to overlay with the gate electrodes 17a and 17b by interposing the 
gate insulating f i Im 18. This structure is extremely effective in reducing the 
off current value. 

[0024] 

Note that the formation of an offset region (a region that comprises a 
semiconductor layer having the same composition as the channel forming regions, 
and to which a gate vol tage is not appl ied) between the channel forming regions 
and the LDD regions is more preferable for reducing the off current value. 
Further, when a multi-gate structure having two or more gate electrodes is used, 
the high concentration impurity region formed between the channel forming 
regions is effective in lowering the value of the off current. 

[0025] 

By thus using the multi-gate structure TFT as the switching element 201, 
as above, a switching element having a sufficiently low off current value is 
realized by the present invention. The gate voltage of the current control 
element can therefore be maintained for a sufficient amount of time (for a period 
from one selection until the next selection) wi thout forming a capaci tor (Cs), 
such as the one stated in the conventional example. 

[0026] 

Namely, it becomes possible to eliminate the capacitor which causes a 
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reduction in the effective luminescence surface area, and it becomes possible 
to increase the effective luminescence surface area. This indicates that the 
image quality of the EL display device can be made brighter. 

[0027] 

Next, the current control TFT 202 is formed having: an active layer 
comprising a source region 31, a drain region 32, an LDD region 33, and a channel 
forming region 34; a gate insulating film 18; a gate electrode 35; the first 
interlayer insulating film 20; a source wi r i ng 36 ; and a drai n wi r i ng 37. Note 
that the gate electrode 35 has a single gate structure, but a mul t i-gate structure 
may also be used. 

[0028] 

As shown in Figs. 2 A and 2B, the drain of the swi tching TFT is electrical ly 
connected to the gate of the current control TFT 202. Specifically, the gate 
electrode 35 of the current control TFT 202 is electrically connected to the 
drain region 14 of the switching TFT 201 through the drain wi ring (also referred 
to as a connection wiring) 22. Further, the source wiring 36 is connected to 
an electric current supply wiring 212. 

[0029] 

A characteristic of the current control TFT 202 is that its channel width 
is larger than the channel width of the switching TFT 201. Namely, as shown 
in Fig. 8, when the channel length of the switching TFT is taken as LI and its 
channel width as WI, and the channel length of the current control TFT is taken 
as L2 and its channel width as W2, a relational expression is reached in which 
W2 / L2 ^ 5 X WI / LI (preferably W2 / L2 ^ 10 X WI / LI). Consequently, 
it is possible for more current to easily flow in the current control TFT than 
i n the swi tch i ng TFT. 

[0030] 

Note that the channel length LI of the multi-gate structure switching TFT 
is the sum of each of the channel lengths of the two or more channel forming 
regions formed. A double gate structure is formed in the case of Fig. 8, and 
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therefore the sum of the channel lengths Lla and Lib, respectively, of the two 
channel-forming regions becomes the channel length LI of the switching TFT. 

[0031] 

The channel lengths LI and L2, and the channel widths W1 and W2 are not 
specifically limited to a range of values with the present invention, but it 

is preferable that W1 be from 0.1 to 5 \im (typically between 1 and 3 jam), and 

that W2 be from 0. 5 to 30 (typical ly between 2 and 10 ^m) . It is preferable 

that LI be from 0.2 to 18 ^m (typically between 2 and 15 ^m) , and that L2 be 
from 0.I to 50 jam (typically between 1 and 20 |nm) at this time. 

[0032] 

Note that it is preferable to set the channel length L in the current control 
TFT on the long side in order to prevent excessive current flow. Preferably, 
W2 / L2 ^ 3 (more preferably W2 / L2 ^ 5). It is also preferable that the 
current flow per pixel is from 0.5 to 2 (preferably between 1 and 1.5 ^A). 

[0033] 

By setting the numerical values within this range, all standards, from an 
EL display device having a VGA class number of pixels (640 X 480) to an EL d i spl ay 
device having a high vision class number of pixels (1920 X 1080 or 1280 X 1024) 
can be included. 

[0034] 

Furthermore, the length (width) of the LDD region formed in the switching 
TFT 201 is set from 0.5 to 3.5 \im, typically between 2.0 and 2.5 jim. 

[0035] 

The EL display device shown in Fig. 1 is characterized in that the LDD region 
33 is formed between the drain region 32 and the channel forming region 34 in 
the current control TFT 202. In addition, the LDD region 33 has both a region 
which overlaps, and a region which does not overlap the gate electrode 35 by 
interposing a gate insulating film 18. 

[0036] 
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The current control TFT 202 supplies a current for making the EL element 
204 luminesce, and at the same time controls the amount supplied and makes gray 
scale display possible. It is therefore necessary that there is no 
deterioration when the current flows, and that steps are taken against 
deterioration due to hot carrier injection. Furthermore, when black is 
displayed, the current control TFT 202 is set in the off state, but if the off 
current value is high, then a clean black color display becomes impossible, and 
this invi tes problems such as a reduction in contrast. It is therefore necessary 
to suppress the value of the off current. 

[0037] 

Regarding deterioration due to hot carrier injection, it is known that a 
structure in which the LDD region overlaps the gate electrode is extremely 
effective. However, if the entire LDD region is made to overlap the gate 
electrode, then the value of the off current rises, and therefore the applicant 
of the present invention resolves both the hot carrier and off current value 
countermeasures at the same time by a novel structure in which an LDD region 
which does not overlap the gate electrode is formed in series. 

[0038] 

The length of the LDD region which overlaps the gate electrode may be made 
from 0.1 to 3 fim (preferable between 0.3 and 1.5 ^m) at this point. If it is 
too long, then the parasitic capacitance will become larger, and if it is too 
short, then the effect of preventing hot carrier wi I I become weakened. Further, 
the length of the LDD region not overlapping the gate electrode may be set from 
1.0 to 3.5 \im (preferable between 1.5 and 2.0 ^m). If it is too long, then a 
sufficient current becomes unable to flow, and if it is too short, then the effect 
of reducing off current value becomes weakened. 

[0039] 

A parasitic capaci tance is formed in the above structure in the region where 
the gate electrode and the LDD region overlap, and therefore it is preferable 
that this region not be formed between the source region 31 and the channel 
forming region 34. The carrier (electrons in this case) f low di rect ion is always 
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the same for the current control TFT, and therefore it is sufficient to form 
the LDD region on only the drain region side. 

[0040] 

Further, looking from the viewpoint of increasing the amount of current 
that is able to flow, it is effective to make the film thickness of the active 
layer (especially the channel forming region) of the current control TFT 202 
thick (preferably from 50 to 100 nm, more preferably between 60 and 80 nm). 
Conversely, looking from the poi nt of v i ew of making the of f current value smal ler 
for the switching TFT 201, it is effective to make the film thickness of the 
active layer (especially the channel forming region) thin (preferably from 20 
to 50 nm, more preferably between 25 and 40 nm) . 

[0041] 

Next, reference numeral 41 denotes a first passivation film, and its film 
thickness may be set from 10 nm to 1 ^m (preferably between 200 and 500 nm) . 
An insulating film containing silicon (in particular, preferably a silicon 
oxynitride film or a silicon nitride film) can be used as the passivation film 
material. The passivation fi I m 41 plays the role of protecting the manufactured 
TFT from contaminant matter and moisture. Alkaline metals such as sodium are 
contained in an EL layer formed on the final TFT. In other words, the first 
passivation film 41 works as a protecting layer so that these alkaline metals 
(mobile ions) do not penetrate into the TFT. Note that alkaline metals and 
alkal ine-earth metals are contained in the term 1 alkal ine metal ' throughout this 
speci f icat ion. 

[0042] 

Further, by making the passivation f i Im 41 possess a heat radiation effect, 
it is also effective in preventing thermal degradation of the EL layer. Note 
that light is emitted from the substrate 11 side in the Fig. 1 structure of the 
EL display device, and therefore it is necessary for the passivation film 41 
to have light transmitting characteristics. 

[0043] 
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A chemical compound containing at least one element selected from the group 
consisting of B (boron), C (carbon), and N (nitrogen), and at least one element 
selected from the group consisting of Al (aluminum), Si (silicon), and P 
(phosphorous) can be given as a light transparent material possessing heat 
radiation effects. For example, it is possible to use: an aluminum nitride 
compound, typically aluminum nitride (Al x N y ); a silicon carbide compound, 
typical ly si I icon carbide (Si x C y ) ; a si I icon nitride compound, typical ly si I icon 
nitride (Si x N y ); a boron nitride compound, typically boron nitride (B x N y ) ; or a 
boron phosphate compound, typically boron phosphate (B x P y ). Further, an 
aluminum oxide compound, typically aluminum oxide (Al x O y ), has superior light 
transparency characteristics, and has a thermal conductivity of 20 Wrn^K" 1 , and 
can be said to be a preferable material. These materials not only possess heat 
radiation effects, but also are effective in preventing the penetration of 
substances such as moisture and alkaline metals. Note thatx and y are arbitrary 
integers for the above transparent materials. 

[0044] 

The above chemical compounds can also be combined with another element. 
For example, it is possible to use nitrated aluminum oxide, denoted by AIN x 0 y , 
in which nitrogen is added to aluminum oxide. This material also not only 
possesses heat radiation effects, but also is effective in preventing the 
penetration of substances such as moisture and alkaline metals. Note that x 
and y are arbitrary integers for the above nitrated aluminum oxide. 

[0045] 

Furthermore, the materials recorded in Japanese Patent Application 
Laid-open No. Sho 62-90260 can also be used. Namely, a chemical compound 
containing Si, Al, N, 0, and M can also be used (note that M is at least one 
of rare-earth elements, preferably an element selected from the group consisting 
of Ce (cesium), Yb (ytterbium), Sm (samarium), Er (erbium), Y (yttrium), La 
(lanthanum), Gd (gadolinium), Dy (dysprosium), and Nd (neodymi urn)) . These 
materials not only possess heat radiation effects, but also are effective in 
preventing the penetration of substances such as moisture and alkal ine metals. 
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[0046] 

Furthermore, carbon f i Ims such as a diamond thin f i Im or amorphous carbons 
(especial ly those which have characteristics close to those of diamond; referred 
to as a diamond-like carbon and the like) can also be used. These have very 
high thermal conductivities, and are extremely effective as radiation layers. 
Note that if the film thickness becomes larger, there is brown banding and the 
transmissi vi ty is reduced, and therefore it is preferable to use as thin a film 
thickness (preferably between 5 and 100 nm) as possible. 

[0047] 

Note that the aim of the first passivation film 41 is in protecting the 
TFT from contaminating matter and from moisture, and therefore it must made so 
as to not lose this effect. A thin film made from a material possessing the 
above radiation effect can be used by itself, but it is effective to laminate 
this thin film and a thin film having shielding properties against alkaline 
metals and moisture (typically a silicon nitride film (Si x N y ) or a silicon 
oxyni tride f i Im (SiO x N y )). Note that x and yarearbitrary integers for the above 
silicon nitride films and silicon oxynitride films. 

[0048] 

Reference numeral 42 denotes a color filter, and reference numeral 43 
denotes a fluorescent body (also referred to as a fluorescent pigment layer). 
Both are a combination of the same color, and contain red (R), green (G), or 
blue (B). The color filter 42 is formed in order to increase the color purity, 
and the fluorescent body 42 is formed in order to perform color transformation. 

[0049] 

Note that EL display devices are roughly divided into four types of color 
displays: a method of forming three types of EL elements corresponding to R, 
G, and B; a method of combining white color luminescing EL elements with color 
filters; a method of combining blue or blue-green luminescing EL elements and 
fluorescent matter (fluorescing color conversion layer, CCM) ; and a method of 
using a transparent electrode as a cathode (opposing electrode) and overlapping 
EL elements corresponding to R, G, and B. 
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[0050] 

The structure of Fig. 1 is an example of a case of using a combination of 
blue luminescing EL elements and a fluorescent body. A blue color emitting 
luminescence layer is used as the EL element 204 here, light possessing blue 
color region wavelength, including ultraviolet light, is formed, and the 
fluorescent body 43 is activated by the light, and made to emit red, green, or 
blue light. The color purity of the light is increased by the color filter 42, 
and this is outputted. 

[0051] 

Note that it is possible to implement the present invention without being 
concerned wi th the method of luminescence, and that al I four of the above methods 
can be used with the present invention. 

[0052] 

Furthermore, after forming the color filter 42 and the fluorescent body 
43, level ing is performed by a second inter layer insulating f i I m 44. An organic 
resin film is preferable as the second interlayer insulating film 44, and one 
such as polyimide, polyamide, acrylic, or BCB (benzocyc lobutane) may be used. 
An inorganic film may, of course, also be used, provided that sufficient level ing 
is possible. 

[0053] 

The leveling of steps due to the TFT by the second interlayer insulating 
film 44 is extremely important. The EL layer formed afterward is very thin, 
and therefore there are cases in which poor luminescence is caused by the 
existence of a step. It is therefore preferable to perform leveling before 
forming a pixel electrode so as to be able to form the EL layer on as level a 
surface as possible. 

[0054] 

Furthermore, it is effective to form an insulating film having a high 
thermal radiation effect (hereafter referred to as a thermal radiation layer) 
on the second interlayer insulating film 44. A film thickness of 5 nm to 1 fxm 
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(typical ly between 20 and 300 nm) is preferable. This type of thermal radiation 
layer functions so that the heat generated by the EL element is released, so 
that heat is not stored in the EL element. Further, when formed by an organic 
resin film, the second interlayer insulating film 44 is weak with respect to 
heat, and the thermal radiation layer works so as not to impart bad influence 
due to the heat generated by the EL element. 

[0055] 

It is effective to perform leveling of the TFT by the resin film in 
manufacturing the EL display device, as stated above, but there has not been 
a conventional structure which considers the deterioration of the resin film 
due to heat generated by the EL element. It can therefore be said that the 
formation of the thermal radiation layer is extremely effective in resolving 
this point. 

[0056] 

Furthermore, provided that a material which is not permeable to moisture, 
oxygen, or alkaline metals (a material similar to that of the first passivation 
film 41) is used as the thermal radiation layer, then it can also function as 
a protecting layer in order that alkaline metals within the EL layer do not 
diffuse toward the TFT, at the same time as preventing deterioration of the EL 
element and the resin film due to heat, as above. In addition, the thermal 
radiation layer also functions as a protecting layer so that moisture and oxygen 
do not penetrate into the EL layer from the TFT. 

[0057] 

In particular, provided that the thermal radiation effect is desired, a 
carbon film such as a diamond-like carbon film is preferable, and in order to 
prevent penetration of substances such as moisture, it is more preferable to 
use a lamination structure of a carbon film and a silicon nitride film (or a 
s i I icon oxyn i tr i de film). 

[0058] 

A structure in which TFT side and EL element side are segregated by an 
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insulating film which has a high radiation effect and is capable of shielding 
moisture and alkaline metal, is thus effective. 

[0059] 

Reference numeral 45 denotes a pixel electrode (anode of EL element) made 
from a transparent conductive f i Im. After opening a contact hole in the second 
interlayer insulating film 44 and in the first passivation film 41, the pixel 
electrode 45 is formed so as to be connected to the drain wiring 37 of the current 
control TFT 202. 

[0060] 

An EL layer (an organic material is preferable) 46, a cathode 47, and a 
protecting electrode 48 are formed in order on the pixel electrode 45. A single 
layer structure or a lamination structure can be used as the EL layer 46, but 
there are many cases in which the lamination structure is used. Various 
lamination structures have been proposed, combinations of layers such as a 
luminescence layer, an electron transporting layer, an electron injecting layer, 
a hole injecting layer, and a hole transporting layer, but any structure may 
be used for the present invention. Doping of a fluorescent pigment into the 
EL layer may also be performed, of course. Note that a luminescing element 
formed by a pixel electrode (anode), an EL layer, and a cathode is referred to 
as an EL element throughout this specification. 

[0061] 

All already known EL materials can be used in the present invention. 
Organic materials are widely known as such materials, and considering the driver 
vol tage, it is preferable to use an organic material. For example, the materials 
disclosed in the following U.S. Patents and Japanese patent applications can 
be used as the organic EL material. 

[0062] 

U.S. Patent # 4,356, 429; U.S. Patent # 4,539,507; U.S. Patent # 4,720,432; 
U.S. Patent # 4, 769, 292; U.S. Patent # 4,885,21 1 ; U.S. Patent # 4,950,950; U.S. 
Patent # 5,059,861 ; U.S. Patent # 5,047,687; U.S. Patent # 5,073,446; U.S. Patent 
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# 5, 059,862; U.S. Patent # 5,061,617; U.S. Patent # 5, 151, 629; U.S. Patent # 
5,294,869; U.S. Patent # 5,294,870; Japanese Patent Application Laid-open No. 
Hei 10-189525; Japanese Patent Application Laid-open No. Hei 8-241048; and 
Japanese Patent Application Laid-open No. Hei 8-78159. 

[0063] 

Specifically, an organic material such as the one shown by the following 
general formula can be used as a hole injecting layer. 

[0064] 

[Chemical Formula 1] 



T2 T1 




[0065] 

Here, Q is either N or a C-R (carbon chain); M is a metal, a metal oxide, 
or a metal ha I ide; R is hydrogen, an alky I, an aralky I, an aryl, or an alkalyl ; 
and T1 and T2 are unsaturated six member rings including substituent such as 
hydrogen, alkyl, or halogen. 

[0066] 

Furthermore, an aromatic tertiary amine can be used as an organic material 
hole transporting layer, preferably including the tetraaryldiamine shown by the 
following general formula. 

[0067] 

[Chemical Formula 2] 
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[0068] 

In formula 2, Are is an arylene group, n is an integer from 1 to 4, and 
Ar, R 7 , R 8 , and R 9 are each various chosen aryl groups. 

[0069] 

In addition, a metal oxynoid compound can be used as an organic material 
EL layer, electron transporting layer, or electron injecting layer. A material 
such as that shown by the general formula below may be used as the metal oxinoid 
compound. 

[0070] 

[Chemical Formula 3] 




A i — O— A 




[0071] 

It is possible to substitute R 2 through R 7 , and a metal oxinoid such as the 
following can also be used. 

[0072] 

[Chemical Formula 4] 
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A I -O-A 




[0073] 

In formula 4, R 2 through R 7 are defined as stated above; L t through L 5 are 
carbohydrate groups containing from 1 to 12 carbon elements; and both L, and 
L 2 , or both L 2 and L 3 are formed by benzo-rings. Further, a metal oxinoid such 
as the following may also be used. 

[0074] 

[Chemical Formula 5] 




A 1 



[0075] 

It is possible to substitute R 2 through R 6 here. Coordination compounds 
having organic ligands are thus included as organic EL materials. Note that 
the above examples are only some examples of organic EL materials which can be 
used as the EL material of the present invention, and that there is absolutely 
no need to limit the EL material to these. 

[0076] 

Furthermore, when using an ink jet method for forming the EL layer, it is 
preferable to use a polymer material as the EL mater i a I . Polymer materials such 
as the following can be given as typical polymer materials: po I yparapheny I ene 
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viny lenes (PPVs) ; and polyf luorenes. For color izat ion, i t i s pref erab I e to use, 
for example, a cyano-po lypheny I ene vinylene in a red luminescing material; a 
polypheny lene vinylene in a green luminescing material; and a polypheny lene 
vinylene and a polyalky Ipheny lene in a blue luminescing material. Regarding 
organic EL materials which can be used in an ink-jet method, al I of the materials 
recorded in Japanese Patent Appl i cat ion Laid-open No. Hei 10-012377 can be ci ted. 

[0077] 

Furthermore, a material containing a low work coefficient material such 
as magnesium (Mg), lithium (Li), or calcium (Ca) is used as the cathode 47. 
Preferably, an electrode made from MgAg (a material made from Mg and Ag at a 
mixture of Mg:Ag = 10:1) may be used. In addition, a MgAgAI electrode, a LiAl 
electrode, and a LiFAl electrode can be given as other examples. Further, the 
protecting electrode 48 is an electrode formed in order to be a protecting film 
against moisture from external to the cathode 47, and a material containing 
aluminum (Al) or silver (Ag) is used. The protecting electrode 48 also has a 
heat radiation effect. 

[0078] 

Note that it is desirable to form the EL layer 46 and the cathode 47 in 
succession, wi thout exposure to the atmosphere. I n other words, no matter what 
type of lamination structure the EL layer and the cathode contain, it is 
preferable to form everything in a multi-chamber (also referred to as a cluster 
tool) type deposition device in succession. This is in order to avoid the 
absorption of moisture when the EL layer is exposed to the atmosphere because 
if an organic material is used as the EL layer, then it is extremely weak with 
respect to moisture. In addition, not only the EL layer 46 and the cathode 47, 
it is even better to form all the way through the protecting electrode 48 in 
success i on. 

[0079] 

The EL layer is extremely weak with respect to heat, and therefore it is 
preferable to use vacuum evaporation (in particular, an organic molecular beam 
evaporation method is effective in that it forms a very thin film, on the 
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molecular order level), sputtering, plasma CVD, spin coating, screen pr i nt i ng, 
or ion plating as the f i Im deposi tion method. It is also possible to form the 
EL layer by an ink-jet method. For the ink jet method there is a bubble jet 
method using cavi tat ion (refer to Japanese Patent Appl i cat ion Laid-open No. Hei 
5-116297), and there is a piezo method using a piezo element (refer to Japanese 
Patent Application Laid-open No. Hei 8-290647), and in view of the fact that 
organic EL materials are weak with respect to heat, the piezo method is 
preferable. 

[0080] 

Reference numeral 49 denotes a second passivation film, and its film 
thickness may be set from 10 nm to 1 ^.m (preferable between 200 and 500 nm). 
The object of forming the second passivation film 49 is mainly to protect the 
EL layer 46 from moisture, but it is also good if the second passivation film 
49 is made to possess a heat radiation effect, similar to the first passivation 
film 41. The same materials as used for the first passivation film 41 can 
therefore be used as the formation material of the second passivation f i Im 49. 
Note that when an organic material is used as the EL layer 46, it deteriorates 
due to bonding with oxygen, and therefore it is preferable to use an insulating 
film which does not easily emit oxygen. 

[0081] 

Further, the EL layer is weak with respect to heat, as stated above, and 
therefore it is preferable to perform film deposition at a low temperature as 
possible (preferably in the range from room temperature to 120° C). It can 
therefore be said that plasma CVD, sputtering, vacuum evaporation, ion plating, 
and so I ut ion appl i cat i on (spin coat i ng) are desirable film depos i t i on methods. 

[0082] 

The EL display device of the present invention has a pixel portion 
containing a pixel with a structure as stated above, and TFTs having differing 
structures in response to thei r function are arranged in the pixel. A swi tching 
TFT havinga sufficiently lowoff current value, and a current control TFT wh i ch 
is strong with respect to hot carrier injection can be formed within the same 
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pixel, and an EL display device having high reliability and which is capable 
of good image display can thus be formed. 

[0083] 

Note that the most important point in the pixel structure of Fig. 1 is that 
a multi-gate structure TFT is used as the switching TFT, and that it is not 
necessary to place limits on the structure of Fig. 1 with regard to such things 
as the placement of LDD regions. 

[0084] 

A more detailed explanation of the present invention, having the above 
constitution, is now performed by the embodiments shown below. 

[0085] 

[Embodiment 1] 

The embodiments of the present invention are explained using Figs. 3A to 
5C. A method of manufacturing a pixel portion, and TFTs of a driver circuit 
portion formed in the periphery of the pixel portion, is explained here. Note 
that in order to simplify the explanation, a CMOS circuit is shown as a basic 
circuit for the driver circuits. 

[0086] 

Fi rst, as shown in Fig. 3 A, a base f i Im 301 is formed wi th a 300 nm thickness 
on a glass substrate 300. Silicon oxynitride films are laminated as the base 
f i Im 301 in embodiment 1. 1 1 is good to set the ni trogen concentration to between 
10 and 25 wtX in the film contacting the glass substrate 300. 

[0087] 

Further, it is effective to form a heat radiating layer, made from the same 
material as that of the f i rst passivation film 41 shown in Fig. 1, as a port ion 
of the base f i Im 301. A large electric current flows in a current control TFT, 
heat is easi ly generated, and therefore it is effective to form the heat radiating 
layer as close as possible to the current control TFT. 

[0088] 
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Next, an amorphous si I icon film (not shown in the figures) is formed with 
a thickness of 50 nm on the base film 301 by a known deposition method. Note 
that it is not necessary to limit this to the amorphous si I icon film, and another 
film may be formed provided that it is a semiconductor film containing an 
amorphous structure (including a mi crocrys ta I I i ne semiconductor film). In 
addi t i on, a compound semiconductor f i Im containing an amorphous structure, such 
as an amorphous silicon germanium film, may also be used. Further, the film 
thickness may be made from 20 to 100 nm. 

[0089] 

The amorphous si I icon film is then crystal I i zed by a known method, forming 
a crystalline silicon film (also referred to as a po lycrystal I i ne silicon film 
or a polys i I icon film) 302. Thermal crystal I izat ion using an electric furnace, 
laser annealing crystallization using a laser, and lamp annealing 
crystal I izat ion us i ng an infrared lamp exist as known crystal I izat ion methods. 
Crystallization is performed in embodiment 1 using light from an excimer laser 
which uses XeCI gas. 

[0090] 

Note that pulse emission type excimer laser I ight formed into a I inear shape 
is used in embodiment 1, but a rectangular shape may also be used, and continuous 
emission argon laser light and continuous emission excimer laser light can also 
be used. 

[0091] 

The crystalline silicon film is used as an active layer of the TFTs in 
embodiment 1, but it is also possible to use an amorphous silicon film as the 
active layer. However, it is necessary for a large current to flow through the 
current control TFT, and therefore it is more effective to use the crystalline 
silicon film, through which current easily flows. 

[0092] 

Note that it is effective to form the active layer of the switching TFT, 
in which there is a necessi ty to reduce the off current, by the amorphous si I icon 
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film, and to form the active layer of the current control TFT by the crystal I ine 
si I icon film. Electric current flows with difficulty in the amorphous si I icon 
film because the carrier mobility is low, and the off current does not easily 
flow. In other words, the most can be made of the advantages of both the 
amorphous silicon film, through which current does not flow easily, and the 
crystalline silicon film, through which current easily flows. 

[0093] 

Next, as shown in Fig. 3B, a protect i ng f i Im 303 is formed on the crystal I ine 
si I icon film 302 from a si I icon oxide film having a thickness of 130 nm. This 
thickness may be chosen within the range of 100 to 200 nm (preferably between 
130 and 170 nm). Furthermore, other films may also be used providing that they 
are insulating f i Ims containing si I icon. The protecting film 303 is formed so 
that the crystalline silicon film is not directly exposed to plasma during 
add i t ion of an impur i ty, and so that it is poss i b I e to have de I i cat e concent rat i on 
control of the impurity. 

[0094] 

Resist masks 304a and 304b are then formed on the protecting film 303, and 
an impurity element which imparts n-type conductivity (hereafter referred to 
as an n-type impuri ty element) is added. Note that elements residing in periodic 
table group 15 are general ly used as the n-type impuri ty element, and typical ly 
phosphorous or arsenic can be used. Note that a plasma doping method is used, 
in which phosphine (PH 3 ) is plasma activated without separation of mass, and 
phosphorous is added at a concentration of IxlO 18 atoms/cm 3 in embodiment 1. An 
ion implantation method, in which separation of mass is performed, may also be 
used, of course. 

[0095] 

The dose amount is regulated so that the n-type impurity element is 
contained in n-type impurity regions 305 and 306, thus formed by this process, 
at a concentration of 2x10 16 to 5x10 19 atoms/cm 3 (typical ly between 5x1 0 17 and 5x1 0 18 
atoms/cm 3 ) . 

[0096] 
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Next, as shown in Fig. 3C, the protect i ng f i Im 303 is removed, and activation 
of the added element belonging to periodic table group 15 is performed. A known 
technique of activation may be used as the means of activation, and activation 
is done in embodiment 1 by irradiation of excimer laser light. Both of a pulse 
emission type laser and a continuous emission type laser may be used, and it 
is not necessary to place any limits on the use of excimer laser light. The 
goal is the activation of the added impurity element, and it is preferable that 
irradiation is performed at an energy level at which the crystalline silicon 
film does not me 1 1. Note that the laser i rradiat ion may also be performed wi th 
the protecting film 303 in place. 

[0097] 

Activation by heat treatment may also be performed along with activation 
of the impurity element by laser light. When activation is performed by heat 
treatment, considering the heat resistance of the substrate, it is good to 
perform heat treatment on the order of 450 to 550° C. 

[0098] 

A boundary portion (connecting portion) with regions along the edges of 
the n-type impurity regions 305 and 306, namely regions along the perimeter into 
which the n-type impurity element, which exists in the n-type impurity regions 
305 and 306, is not added, is delineated by this process. This indicates that, 
at the point when the TFTs are later completed, extremely good connecting 
portions can be formed between LDD regions and channel forming regions. 

[0099] 

Unnecessary portions of the crystalline silicon film are removed next, as 
shown in Fig. 3D, and island shape semiconductor films (hereafter referred to 
as active layers) 307 to 310 are formed. 

[0100] 

Then, as shown in Fig. 3E, a gate insulating film 311 is formed, covering 
the active layers 307 to 310. An insulating film containing silicon with a 
thickness of 10 to 200 nm, preferably between 50 and 150 nm, may be used as the 
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gate insulating film 311. A single layer structure or a lamination structure 
may be used. A 110 nm thick silicon oxynitride film is used in embodiment 1. 

[0101] 

A conductive film with a thickness of 200 to 400 nm is formed next and 
patterned, forming gate electrodes 312 to 316. Note that in embodiment 1, the 
gate electrodes and lead wi rings electrical ly connected to the gate electrodes 
(hereafter referred to as gate wirings) are formed from different materials. 
Specifically, a material having a lower resistance than that of the gate 
electrodes is used for the gate wirings. This is because a material which is 
capable of being micro-processed is used as the gate electrodes, and even if 
the gate wirings cannot be micro-processed, the material used for the wirings 
has low resistance. Of course, the gate electrodes and the gate wirings may 
also be formed from the same material. 

[0102] 

Further, the gate wi rings may be formed by a single layer conductive film, 
and when necessary, it is preferable to use a two layer or a three layer lamination 
film. All known conductive films can be used as the gate electrode material. 
However, as stated above, it is preferable to use a material which is capable 
of being micro-processed, specifically, a material which is capable of being 
patterned to a line width of 2 or less. 

[0103] 

Typically, a film of a material chosen from among the group consisting of 
tantalum (Ta), titanium (Ti), molybdenum (Mo), tungsten (W), and chromium (Cr) ; 
or a n i t rated compound of the above e I ements (typical I y a tan ta I urn nitride film, 
a tungsten nitride film, or a titanium nitride film); or an alloy film of a 
combination of the above elements (typically a Mo-W alloy or a Mo-Ta alloy); 
or a silicide film of the above elements (typically a tungsten silicide film 
or a titanium si I icide film) can be used. A single layer film or a lamination 
may be used, of course. 

[0104] 
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A lamination f i Im made from a 50 nm thick tantalum nitride (TaN) f i Im and 
a 350 nm thick Ta film is used in embodiment 1. It is good to form this film 
by sputtering. Furthermore, if an inert gas such as Xe or Ne is added as a 
sputtering gas, then film peeling due to the stress can be prevented. 

[0105] 

The gate electrodes 313 and 316 are formed at this time so as to overlap 
a portion of the n-type impurity regions 305 and 306, respectively, sandwiching 
the gate insulating film 311. This overlapping portion later becomes an LOD 
region overlapping the gate electrode. 

[0106] 

Next, an n-type impurity element (phosphorous is used in embodiment 1) is 
added in a self-aligning manner with the gate electrodes 312 to 316 as masks, 
as shown in Fig. 4A. The addition is regulated so that phosphorous is added 
to impurity regions 317 to 323 thus formed at a concentration of 1/10 to 1/2 
that of the n-type impuri ty regions 305 and 306 (typical I y between 1/4 and 1/3). 
Specifically, a concentration of lxl 0 16 to 5x10 18 atoms/cm 3 (typically 3xl0 17 to 
3x1 0 18 atoms/cm 3 ) is preferable. 

[0107] 

Next, resist masks 324a to 324c are formed to cover the gate electrodes 
and the like, as shown in Fig. 4B, and an n-type impurity element (phosphorous 
is used in embodiment 1) is added, forming impurity regions 325 to 331 containing 
a high concentration of phosphorous. The ion doping using phosphine (PH 3 ) is 
also performed here, and is regulated so that the phosphorous concentration of 
these regions is from lxl 0 20 to 1x10 21 atoms/cm 3 (typical ly between 2x10 20 and 5x10 21 
atoms/cm 3 ) . 

[0108] 

A source region or a drain region of the n-channel TFT is formed by this 
process, and in the switching TFT, a portion of the n-type impurity regions 320 
to 322 formed by the process of Fig. 4A remains. These remaining regions 
correspond to the LDD regions 15a to 15d of the switching TFT in Fig. 1. 
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[0109] 

Next, as shown in Fig. 4C, the resist masks 324a to 324c are removed, and 
a new resist mask 332 is formed. A p-type impurity element (boron is used in 
embodiment 1) is then added, forming impurity regions 333 and 334 containing 
a high concentration of boron. Boron is added here to a concentration of 3x10 20 
to 3x10 21 atoms/cm 3 (typically between 5x1 0 20 and IxlO 21 atoms/cm 3 ) by ion doping 
us i ng d i borane (B 2 H 6 ) . 

[0110] 

Note that phosphorous has already been added to the impurity regions 333 
and 334 at a concentration of IxlO 20 to IxlO 21 atoms/cm 3 , but boron is added here 
at a concentration of at least 3 times or more that of the phosphorous. Therefore, 
the n-type impurity regions already formed completely invert to p-type, and 
function as p-type impurity regions. 

[0111] 

Next, after removing the resist mask 332, the n-type and p-type impurity 
elements added at various concentrations are activated. Furnace annealing, 
laser annealing, or lamp annealing may be performed as a means of activation. 
Heat treatment is performed in embodiment 1 in a nitrogen atmosphere for 4 hours 
at 550° C in an electric furnace. 

[0112] 

1 1 is important to remove as much of the oxygen in the atmosphere as possible 
at this time. This is because if any oxygen exists, then the exposed surface 
of the electrode oxidizes, inviting an increase in resistance, and at the same 
time it becomes more difficult to later make an ohmic contact. It is therefore 
preferable that the concentration of oxygen in the atmosphere in the above 
activation process be 1 ppm or less, desirably 0.1 ppm or less. 

[0113] 

After the activation process is completed, a gate wiring 335 with a 

thickness of 300 nm is formed next. A metallic film having aluminum (Al) or 

copper (Cu) as its principal constituent (comprising 50 to 1 00% of the 
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composition) may be used as the material of the gate wiring 335. As with the 
gate wiring 211 of Fig. 2, the gate wiring 335 is formed with a placement so 
that the gate electrodes 314 and 315 of the switching TFTs (corresponding to 
gate electrodes 19a and 19b of Fig. 2) are electrically connected. (Fig. 4D.) 

[0114] 

The wiring resistance of the gate wiring can be made extremely small by 
using this type of structure, and therefore a pixel display region (pixel 
portion) having a large surface area can be formed. Namely, the pixel structure 
of embodiment 1 is extremely effective because an EL display device having a 
screen size of a 10 inch diagonal or larger (in addition, a 30 inch or larger 
diagonal) is real ized. 

[0115] 

A first interlayer insulating film 336 is formed next, as shown in Fig. 
5A. A single layer insulating film containing silicon is used as the first 
interlayer insulating film 336, but a lamination film may be combined in between. 
Further, a film thickness of between 400 nm and 1. 5 ^.m may be used. A lamination 
structure of an 800 nm thick silicon oxide film on a 200 nm thick silicon 
oxynitride film is used in embodiment 1. 

[0116] 

In addition, heat treatment is performed for 1 to 12 hours at 300 to 450° C 
in an atmosphere containing between 3 and 100% hydrogen, performing 
hydrogenat i on. This process is one of hydrogen termination of dangling bonds 
in the semiconductor film by hydrogen which is thermally activated. Plasma 
hydrogenat ion (using hydrogen activated by a plasma) may also be performed as 
another means of hydrogenat ion. 

[0117] 

Note that the hydrogenat i on step may also be inserted during the formation 
of the first interlayer i nsulat i ng f i Im 336. Namely, hydrogen process i ng may 
be performed as above after forming the 200 nm thick silicon oxynitride film, 
and then the remaining 800 nm thick silicon oxide film may be formed. 
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[0118] 

A contact hole is formed next in the first interlayer insulating film 336, 
and source wirings 337 to 340, and drain wirings 341 to 343 are formed. In 
embodiment 1, a lamination filmwith a three layer structure of a 100 nmTi film, 
a 300 nm aluminum film containing Ti, and a 150 nm Ti film, formed successively 
by sputtering, is used as these wirings. Other conductive films may also be 
used, of course. 

[0119] 

A first passivation film 344 is formed next with a thickness of 50 to 500 
nm (typically between 200 and 300 nm). A 300 nm thick silicon oxynitride film 
is used as the first passivation film 344 in embodiment 1. This may also be 
substi tuted by a si I icon nitride film. 1 1 is of course possible to use the same 
materials as those of the first passivation film 41 of Fig. 1. 

[0120] 

Note that it is effective to perform plasma processing using a gas 
containing hydrogen such as H 2 or NH 3 before the formation of the silicon 
oxyni tride film. Hydrogen activated by this p reprocess is suppl ied to the f i rst 
interlayer insulating film 336, and the film quality of the first passivation 
film 344 is improved by performing heat treatment. At the same time, the 
hydrogen added to the f i rst interlayer insulating film 336 diffuses to the lower 
side, and the active layers can be hydrogenated effectively. 

[0121] 

Next, as shown in Fig. 5B, a color filter 345 and a fluorescing body 346 
are formed. Known materials may be used for these. Furthermore, they may be 
formed by being patterned separately, or they may be formed in succession and 
then patterned together. The respective film thickness may be chosen in the 
range of 0. 5 to 5 ^m (typical ly between 1 and 2 ^m). I n par t i cu I ar, the opt i ma I 
film thickness of the fluorescing body 346 varies with the material used. In 
other words, if it is too thin, then the color trans format i on ef f i c i ency becomes 
poor, and if it is too thick, then the step becomes large and the amount of I ight 
transmitted drops. Optimal film thicknesses must therefore be set by taking 
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a balance of both characteristics. 
[0122] 

Note that, in embodiment 1, an example of a color changing method in which 
the light emitted from the EL layer is transformed in color, but if a method 
of manuf actur i ng individual EL layers which correspond to R, G, and B, is employed, 
then the color filter and the fluorescing body can be omi t ted. I n such a case, 
a screen printing method, an ink jet method, a mask evaporation method (which 
is a method forming selectively by using mask member) and the I ike may be used. 

[0123] 

A second interl ayer insulatingfilm 347 i s formed next f rom an organ i c res i n. 
Materials such as polyimide, polyamide, acryl ic, and BCB (benzocyc lobutene) can 
be used as the organic resin. In particular, the purpose of being a leveling 
film is strong in the second interlayer insulating film 347, and therefore 
acrylic, having superior leveling characteristics, is preferable. An acrylic 
film is formed in embodiment 1 w i t h a f i I m thickness which can sufficiently level 
the step between the color filter 345 and the fluorescing body 346. This 
thickness is preferably from 1 to 5 ^m (more preferably between 2 and 4 \xm) . 

[0124] 

A contact hole for reaching the dra i n wi r i ng 343 is formed next in the second 
interl ayer insulatingfilm 347 and in the first passivation film 344, and a pi xe I 
electrode 348 is formed. A compound of indium oxide and tin oxide (ITO) film 
is formed into 110 nm thick in embodiment 1, and patterning is performed, making 
the pixel electrode. The pixel electrode 348 becomes an anode of the EL element. 
Note that it is also possible to use other materials: a compound f i Im of indium 
oxide and titanium oxide, or a compound film of indium oxide and zinc. 

[0125] 

Note that embodiment 1 becomes a structure in which the pixel electrode 
348 is electrically connected to the drain region 331 of the current control 
TFT, through the drain wi ring 343. This structure has the fol lowing advantages. 

[0126] 
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The pixel electrode 348 becomes directly connected to an organic material 
such as the EL layer (light emitting layer) or a charge transporting layer, and 
therefore it is possible for the mobi le ions contained i n the EL I ayer to d i f f use 
throughout the pixel electrode. In other words, without connecting the pixel 
electrode 348 directly to the drain region 331, a portion of the active layer, 
the introduction of mobile ions into the active layer due to the drain wiring 
343 being interrupted can be prevented in the structure of embodiment 1. 

[0127] 

Next, as shown in Fig. 5C, an EL layer 349, a cathode (MgAg electrode) 350, 
and a protecting electrode 351 are formed in succession without exposure to the 
atmosphere. It is preferable, at this point, to perform heat treatment of the 
pixel electrode 348, completely removing all moisture, before forming the EL 
layer 349 and the cathode 350. Note that a known material can be used as the 
EL layer 349. 

[0128] 

The materials explained in the "embodiment mode" section of this 
specification can be used as the EL layer 349. In embodiment 1, an EL layer 
having a 4 layer structure of a hole injecting layer, a hole transporting layer, 
an emitting layer, and an electron transporting layer is used, as shown in Fig. 
19, but there are cases in which the electron transporting layer is not formed, 
and cases in which an electron injecting layer is also formed. Furthermore, 
there are also cases in which the hole injecting layer is omitted. Several 
examples of these types of combinations have already been reported, and any of 
these constitutions may be used. 

[0129] 

An amine such as TPD (tr ipheny lamine dielectric) may be used as the hole 
injecting layer or as the hole transporting layer, and in addition, a hydrazone 
(typically DEH) , a stilbene (typically STB), a starburst (typically m-MTDATA) 
etc. can also be used. In particular, a starburst material, which has a high 
glass transition temperature and is difficult to crystallize, is preferable. 

[0130] 
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BPPC, perylene, and DCM can be used as a red color emitting layer in the 
emi tting layer, and in particular, the Eu complex shown by Eu(DBM) 3 (Phen) (refer 
to J. Kido et. al, Appl. Phys. , vol. 35, pp. L394-396, 1 996 f or deta i I s) is highly 
monochromatic, possessing a sharp emission at a wavelength of 620 nm. 

[0131] 

Further, typical ly an A I q 3 (8-hydroxyqu i no I ine aluminum) material in which 
quinacridone or coumarin is added at a level of several mo\% can be used as a 
green color emitting layer. 

The chemical formula is as shown below. 

[0132] 

[Chemical Formula 6] 




[0133] 

In addi tion, typical ly a disti le-arylene amino dielectric, in which amino 
substituted DSA is added to DSA (disti le-arylene dielectric) can be used as a 
blue color emitting layer. In particular, it is preferable to use the high 
performance material disti lyl— biphenyl (DPVBi). Its chemical formula is as 
shown below. 

[0134] 

[Chemical Formula 7] 
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DSA 

[0135] 

Further, a 300 nm thick silicon nitride film is formed as a second 
passivation f i Im 352, and this may also be formed i n success ion, wi thout exposure 
to the atmosphere, after formation of the protecting electrode 351. The same 
materials as those of the second passivation film 49 of Fig. 1 can also be used, 
of course, as the second passivation film 352. 

[0136] 

A four-layered structure made from a hole injecting layer, a hole 
transporting layer, an emitting layer, and an electron injecting layer is used 
as a EL layer in embodiment 1, but there are a I ready examples of many combinations 
already reported, and any of these constitutions may also be used. Furthermore, 
an MgAg electrode is used as the cathode of the EL element in embodiment 1, but 
other known materials may also be used. 

[0137] 

The protecting electrode 351 is formed in order to prevent deterioration 
of the MgAg electrode 350, and a metallic film having al umi num as its pr i nc ipa I 
constituent is typical. Other materials may, of course, also be used. 
Furthermore, the EL layer 349 and the MgAg el ectrode 350 are extreme I y weak with 
respect to moisture, and therefore it is preferable to perform successive 
formation up through to the protecting electrode 351 without exposure to the 
atmosphere, protecting the EL layer from external air. 

[0138] 

Note that the film thickness of the EL layer 349 may be from 10 to 400 nm 
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(typical ly between 60 and 160 nm), and that the thickness of the MgAg electrode 
350 may be from 180 to 300 nm (typically between 200 and 250 nm). 

[0139] 

The active matrix type EL display device with the structure shown in Fig. 
5C is thus completed. By arranging TFTs with optimal structure in not only the 
pixel portion, but also in the driver circuit portion, the active matrix type 
EL display device of embodiment 1 shows extremely high reliability, and the 
operational characteristics can be raised. 

[0140] 

Fi rst, a TFT having a structure, which reduces hot carrier injection wi thout 
a drop in the operation speed as much as possible, is used as an n-channel TFT 
205 of the CMOS circuit forming the driver circuits. Note that the driver 
circuits referred to here include circuits such as a shift register, a buffer, 
a level shifter, and a sampling circuit (also referred to as a sampling and a 
holding circuit). When digital driving is performed, signal conversion 
circuits such as a D/A converter circuit are also included. 

[0141] 

In the case of embodiment 1, an active layer of the n-channel TFT 205 
includes a source region 355, a drain region 356, an LDD region 357, and a channel 
forming region 358, as shown in Fig. 5C, and the LDD region 357 overlaps the 
gate electrode 313, sandwiching the gate insulating film 311. 

[0142] 

The formation of the LDD region on the drain side only is in consideration 
of not lowering the operation speed. Further, it is not necessary to be 
concerned with the value of the off current in the n-channel TFT 205, and greater 
emphasis may be placed on the operation speed. It is therefore preferable that 
the LDD region 357 completely overlap the gate electrode, reducing resistive 
components as much as possible. In other words, it is good to eliminate all 
offset. 

[0143] 
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Further, deterioration of a p-channel TFT 206 of the CMOS circuit due to 
hot carrier injection is almost of no concern, and in particular, therefore, 
an LDD region is not formed. It is also possible, of course, to take action 
against a countermeasure of hot carriers by forming an LDD region similar to 
that of the n-channel TFT 205. 

[0144] 

Note that among the driver circuits, the sampling circuit is somewhat 
special when compared to the other circuits, and a large current flows in the 
channel forming region in both directions. Namely, the roles of the source 
region and the drain region change. In addition, it is necessary to suppress 
the value of the off current as much as possible, and with that in mind, it is 
preferable to arrange a TFT having functions at an intermediate level between 
the switching TFT and the current control TFT. 

[0145] 

It is preferable, therefore, to arrange a TFT with the structure shown in 
Fig. 9 as an n-channel TFT forming the sampling circuit. As shown in Fig. 9, 
a portion of LDD regions 901a and 901b overlap a gate electrode 903, sandwiching 
a gate insulating film 902. This effect is as stated in the explanation of the 
current control TFT 202, and the case of the sampling circuit differs in the 
point of forming the LDD regions 901a and 901b with a shape that sandwiches a 
channel forming region 904. 

[0146] 

Further, a pixel with the structure shown in Fig. 1 is formed, forming a 
pixel portion. The structures of a switching TFT and a current control TFT 
formed within the pixel have already been explained in Fig. 1, and therefore 
that explanation is omitted here. 

[0147] 

Note that, in practice, it is preferable to additionally perform packaging 
(seal ing) after completing up through Fig. 5C by using a housing material such 
as a highly airtight protecting film (such as a laminar film or an ultraviolet 
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hardened resin film) or a ceramic sealing can, so that there is no exposure to 
the atmosphere. By making the inside of the housing material an inert 
environment, and by placing a hygroscopic agent (for example, barium oxide) 
within the hous i ng mater ial , the reliability (life) of the EL I ayer is i ncr eased. 

[0148] 

Furthermore, after the airtightness is increased by the packaging 
processing, a connector (a flexible printed circuit, FPC) for connecting between 
terminals led out from elements or circuits formed on the substrate, and external 
signal terminals, is attached, completing a manufactured product. The EL 
display device in this state of being able to be shipped is referred to as an 
EL module throughout this specification. 

[0149] 

The constitution of the active matrix type EL display device of embodiment 
1 is explained here using the perspective view of Fig. 6. The active matrix 
type EL display device of embodiment 1 is formed on a glass substrate 601, and 
is composed of a pixel port ion 602, a gate side driving ci rcui t 603, and a source 
side driving circuit 604. A switching TFT 605 of the pixel portion is an 
n-channel TFT, and is placed at the intersection of a gate wiring 606 connected 
to the gate side driving circuit 603, and a source wiring 607 of the source side 
driving circuit 604. Furthermore, the drain of the switching TFT 605 is 
electrically connected to the gate of a current control TFT 608. 

[0150] 

In addition, the source of the current control TFT 608 is connected to a 
current supply line 609. In the structure of the embodiment 1, an earth 
potential is provided in the current supply line 609. Further, the drain of 
the current control TTFT 608 is connected to an EL element 610. In a cathode 
of the EL element 610, constant voltage (10 to 12 V, in this embodiment) is 
suppl i ed. 

[0151] 

I nput/output wi r i ngs (connect ion wi rings) 612 and 613, and an input/output 



38 



wiring 614 which is connected to the current supply line 609, are then formed 
in an external input/ output terminal FPC 611 in order to transfer signals to 
the driver ci rcui ts. 

[0152] 

Shown in Fig. 7 is one example of the circuit composition of the EL display 
device shown in Fig. 6. The EL display device of embodiment 1 has a source side 
driving circuit 701, a gate side driving circuit (A) 707, a gate side driving 
circuit (B) 711, and a pixel portion 706. Note that, throughout this 
specification, a driver circuit is a generic term which includes source side 
processing circuits and gate side driving circuits. 

[0153] 

The source side driving circuit 701 is provided with a shift register 702, 
a level shi f ter 703, a buffer 704, and a samp I ing ci rcui t (samp I ing and holding 
circuit) 705. In addition, the gate side driving circuit (A) 707 is provided 
with a shift register 708, a level shifter 709, and a buffer 710. The gate side 
driving circuit (B) 711 has a similar composition. 

[0154] 

The driving voltage is from 5 to 16 V (typically 10 V) for the shifter 
registers 702 and 708 here, and the structure shown by reference numeral 205 
of Fig. 5C is suitable for an n-channel TFT used in a CMOS circuit forming the 
circuits. 

[0155] 

Furthermore, the driving voltage becomes high at between 14 and 16 V for 
the level shifters 703 and 709, and for the buffers 704 and 710, and similar 
to the shift resister, a CMOS circuit containing the n-channel TFT 205 of Fig. 
5C is suitable. Note that the use of a multi-gate structure, such as a double 
gate structure or a triple gate structure for the gate wirings, is effective 
by increasing the reliability of each circuit. 

[0156] 

The driving voltage is between 14 and 16 V for the sampling circuit 705, 
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but it is necessary to reduce the value of the off current because the source 
region and the drain region invert, and therefore a CMOS circuit containing the 
n-channel TFT 208 of Fig. 9 is suitable. 

[0157] 

In addition, the driving voltage of the pixel portion 706 is between 14 
and 16 V, and a pixel with the structure shown in Fig. 1 is arranged. 

[0158] 

Note that the above const i tut ions can be easi ly real i zed by manufacturing 
TFTs in accordance with the manufacturing processes shown in Figs. 3A to 5C. 
Furthermore, only the constitution of the pixel portion and the driver circuits 
is shown in embodiment 1, but it is also possible to form other logic circuits, 
in addition to the driving circuits, on the same substrate and in accordance 
wi th the manufacturing process of embodiment 1, such as a signal divider circuit, 
a D/A converter circuit, an ope rat i on amp I ifier circuit, and ay compensat ion 
circuit. In addition, it is considered that circuits such as a memory portion 
and a microprocessor can also be formed. 

[0159] 

An explanation of the EL module of embodiment 1, containing the housing 
material, is made using Figs. 17A and 17B. Note that, when necessary, the 
symbols used in Figs. 6 and 7 are cited. 

[0160] 

A pixel portion 1701, a source side driving circuit 1702, and a gate side 
driving circuit 1703 are formed on a substrate (including a base fi Im underneath 
a TFT) 1700. Various wi rings from the respective driver ci rcui ts are connected 
to external equipment, via the FPC 611, through the input/ output wirings 612 
to 614. 

[0161] 

A hous i ng mater i a I 1704 is formed at this point enclosing at least the pixel 
portion, and preferably the driving circuits and the pixel portion. Note that 
the housing material 1704 is of a shape having a depression portion in which 
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the internal size is larger than the external size of the EL element, or has 
a sheet shape, and is fixed to the substrate 1700 by an adhesive 1705 so as to 
form an airtight space jointly with the substrate 1700. At this point, the EL 
element is in a state of being completely sealed in the airtight space, and is 
completely cutoff from the external atmosphere. Note that a multiple number 
of housing materials 1704 may be formed. 

[0162] 

It is preferable to use an insulating substance such as a glass or a polymer 
as the housing material 1704. The fo I lowing can be given as examples: amorphous 
glass (such as borosi I icate glass or quartz) ; crystal I i zed glass; ceramic glass; 
organic resins (such as acrylic resins, styrene resins, polycarbonate resins, 
and epoxy resins) ; and si I icone resins. In addi t ion, ceramics may also be used. 
Furthermore, provided that the adhesive 1705 is an insulating mater ial, it is 
also possible to use a metallic material such as a stainless alloy. 

[0163] 

It is possible to use an adhesive such as an epoxy resin or an acrylate 
resin as the material of the adhesive 1705. In addition, a thermal ly hardened 
resin or a light hardened resin can also be used as the adhesive. Note that 
it is necessary to use a material through which, as much as is possible, oxygen 
and moisture is not transmitted. 

[0164] 

In addition, it is preferable to fill an opening 1706 between the housing 
material and the substrate 1700 with an inert gas (such as argon, helium, or 
nitrogen). There are no limitations on a gas, and it is also possible to use 
an inert I i quid (such as a I i quid f I uorina ted carbon, typical ly perf I uoroa I kane) . 
The materials such as those used by Japanese Patent Application Laid-open No. 
Hei 8-78519 may be referred to regarding inert liquids. 

[0165] 

It is effective to form drying agent in the opening 1706. Materials such 
as those recorded in Japanese Patent Appl ication Laid-open No. Hei 9-148066 can 
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be used as the drying agent. Typically, barium oxide may be used. 
[0166] 

A plural number of isolated pixels having EL elements are formed in the 
pixel portion, as shown in Fig. 17B, and all of the pixels have a protecting 
electrode 1707 as a common electrode. In embodiment 1 it is preferable to form 
the EL layer, the cathode (MgAg electrode), and the protecting electrode in 
succession, without exposure to the atmosphere. The EL layer and the cathode 
are formed using the same mask material, and provided that only the protecting 
electrode is formed by a separate mask material, then the structure of Fig. 17B 
can be real ized. 

[0167] 

The EL layer and the cathode may be formed only in the pixel portion at 
this point, and it is not necessary to form them on the driving circuits. There 
is no problem, of course, with forming them on the driving circuits, but 
considering the fact that alkaline metals are contained in the EL layer, it is 
preferable to not form it over the driving circuits. 

[0168] 

Note that an input/ output wiring 1709 is connected to the protecting 
electrode 1707 in a region shown by reference numeral 1708. The input/ output 
wiring 1709 is a current supply wiring for providing a predetermined voltage 
(which is an earth potent ial in embodiment 1, specif ica I ly 0 V) to the protect i ng 
electrode 1707, and is connected to the FPC 611 through a conducting paste 
material 1710. 

[0169] 

A manufacturing process for realizing a contact structure in the region 
1708 is explained here using Figs. 18A to 18C. 

[0170] 

First, the state of Fig. 5A is obtained in accordance with the processes 
of embodiment 1. At this point the first interlayer insulating film 336 and 
the gate insulating film 311 are removed from the edges of the substrate (in 
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the region shown by reference numeral 1708 in Fig. 17B), and the input/ output 
wiring 1709 is formed on that region. The source wirings and the drain wirings 
of Fig. 5A are of course formed at the same time. (Fig. 18A) 

[0171] 

Next, when etching the second interlayer insulating film 347 and the first 
passivation film 344 in Fig. 5B, a region shown by reference numeral 1801 is 
removed, and an open portion 1802 is formed. (Fig. 18B) 

[0172] 

The processes of forming the EL element (pixel electrode, EL layer, and 
cathode formation processes) in the pixel portion are performed in this state. 
A mask material is used in the region shown in Figs. 18A to 18C at this time 
so that the EL element is not formed in this region. After forming the cathode 
350, the protecting electrode 350 is formed using a separate mask material. The 
protecting electrode 350 and the input/ output wi r ing 1801 are thus electrical ly 
connected. Further, the second passivation film 352 is formed, and the state 
of Fig. 18C is obtained. 

[0173] 

The contact structure of the region shown by reference numeral 1708 in Fig. 
17B is thus realized by the above steps. The input/ output wiring 1709 is then 
connected to the FPC 611 through the opening between the housing material 1704 
and the substrate 1700 (note that this is filled by the adhesive 1705; in other 
words, it is necessary for the thickness of the adhesive 1705 to be such that 
it can sufficiently level the step of the input/ output wiring). Note that an 
explanation of the input/ output wiring 1709 is made here, but the other input/ 
output wi r i ngs 612 to 614 are also similarly connected to the FPC 61 1 by pass i ng 
under the housing material 1704. 

[0174] 

[Embodiment 2] 

In embodiment 2, an example of a pixel constitution is shown in Fig. 10 
which differs from the constitution shown in Fig. 2B. 
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[0175] 

The two pixels shown in Fig. 2B are arranged wi th symmetry around the current 
supply I ine in embodiment 2. Namely, as shown in Fig. 10, by making the current 
supply line 213 common between the two pixels neighboring the current supply 
line, the number of wirings needed can be reduced. Note that the structure of 
the TFTs placed inside the pixels may be left as is. 

[0176] 

If this type of constitution is used, then it becomes possible to 
manufacture a very high def ini tion pixel portion, increasing the image qua I i ty. 

[0177] 

Note that the constitution of embodiment 2 can easily be realized in 
accordance with the manufacturing processes of embodiment 1, and that the 
explanations of embodiment 1 and of Fig. 1 may be referenced regarding points 
such as the structure of the TFTs. 

[0178] 

[Embodiment 3] 

A case of forming a pixel portion having a structure which differs from 
that of Fig. 1 is explained using Fig. 11 in embodiment 3. Note that processes 
up through the formation of the second interlayer insulating film 44 may be 
performed in accordance with embodiment 1. Furthermore, the structures of the 
switching TFT 201 and the current control TFT 202, covered by the second 
interlayer insulating film 44, are the same as those of Fig. 1, and their 
explanation is therefore omitted. 

[0179] 

In the case of embodiment 3, a pixel electrode 51, a cathode 52, and an 
EL layer 53 are formed after forming a contact hole in the second interlayer 
insulating film 44 and the first passivation film 41. The cathode 52 and the 
EL layer 53 are formed in succession, without exposure to the atmosphere, by 
vacuum evaporation in embodiment 3, and at that time a red color emitting EL 
layer, a green color emitting EL layer, and a blue color emitting EL layer are 
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formed selectively in separate pixels by using a mask material. Note that whi le 
only one pixel is shown in Fig. 11, pixels with the same structure are formed 
corresponding to the colors of red, green, and blue, respectively, and that color 
display can be performed by these pixels. A known material may be employed for 
each EL layer color. 

[0180] 

A 150 nm thick aluminum alloy film (an aluminum film containing 1 wtX of 
titanium) is formed as the pixel electrode 51 in embodiment 3. Provided that 
it is a metallic material, any material may be used as the pixel electrode 
material, but it is preferable to use a material having a high reflectivity. 
Further, a 230 nm thick MgAg electrode is used as the cathode 52, and the film 
thickness of the EL layer 53 is 90 nm (including, from the bottom, a 20 nm electron 
transporting layer, a 40 nm I ight emi tt ing layer, and a 30 nm hole transporting 
layer). 

[0181] 

Subsequently, an insulating film with a thickness of 200 to 500 nm 
(typi ca 1 1 y, 250 to 300 nm) i s formed to form a protect i ng f i Im 54 hav i ng an open i ng 
portion by patterning. An anode 55 made from a transparent conductive f i Im (an 
I TO film in embodiment 3) is formed next wi th a thickness of 110 nm. An EL element 
209 is thus formed, and if a second passivation film 56 is formed by the same 
materials as shown in embodiment 1, then a pixel with the structure shown in 
Fig. 11 is completed. 

[0182] 

When using the structure of embodiment 3, the red, green, or blue light 
generated by each pixel is irradiated in the opposite direction as that of the 
substrate on which the TFTs are formed. For that reason, almost the entire area 
inside the pixel, namely the region in which the TFTs are formed, can be used 
as an effective emitting region. As a result, there is a sharp increase in the 
effective emi tt ing surface area of the pixel, and the brightness and the contrast 
ratio (the ratio between light and dark) of the image are increased. 

[0183] 
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Note that it is possible to freely combine the composition of embodiment 
3 with the constitutions of any of embodiments 1 and 2. 

[0184] 

[Embodiment 4] 

A case of forming a pixel having a structure which differs from that of 
Fig. 2 of embodiment 1 is explained in embodiment 4 using Figs. 12A and 12B. 

[0185] 

In Fig. 12A, reference numeral 1201 denotes a swi tchi ng TFT, which comprises 
an active layer 56, a gate electrode 57a, a gate wiring 57b, a source wiring 
58, and a drain wiring 59. Further, reference numeral 1202 denotes a current 
control TFT, which comprises an active layer 60, a gate electrode 61, a source 
wiring 62, and a drain wiring 63. The source wiring 62 of the current control 
TFT 1202 is connected to a current supply line 64, and the drain wiring 63 is 
connected to an EL element 66. Fig. 12B shows the circuit composition of this 
pixel. 

[0186] 

The point of difference between Fig. 12A and Fig. 2A is the structure of 
the swi tch i ng TFT. I n embod iment 4 the gate el ect rode 57a i s formed with a f i ne 
I ine width between 0. 1 and 5 ^m, and the act ive layer 56 is formed so as transverse 
that portion. The gate wi ring 57b is formed so as to electrically connect the 
gate electrode 57a of each pixel. A triple gate structure which does not 
monopolize much surface area is thus realized. 

[0187] 

Other portions are similar to those of Fig. 2A, and the effective emitting 
surface area becomes larger because the surface area exclusively used by the 
swi tchi ng TFT becomes smal ler if the structure of embod iment 4 i s emp loyed. I n 
other words, the image brightness is increased. Furthermore, a gate structure 
in which redundancy is increased in order to reduce the value of the off current 
can be real ized, and therefore the image qua I i ty can be i ncr eased even further. 

[0188] 
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Note that, in the constitution of embodiment 4, the current supply line 
64 can be made common between neighboring pixels, as in embodiment 2, and that 
a structure like that of embodiment 3 may also be used. Furthermore, processes 
of manufacturing may be performed in accordance with those of embodiment 1. 

[0189] 

[Embodiment 5] 

Cases in which a top gate type TFT is used are explained in embodiments 
1 to 4, and the present invention may also be implemented using a bottom gate 
type TFT. A case of implementing the present invention by using a reverse 
stagger type TFT is explained in embodiment 5 using Fig. 13. Note that, except 
for the structure of the TFT, the structure is the same as that of Fig. 1, and 
therefore the same symbols as those of Fig. 1 are used when necessary. 

[0190] 

In Fig. 13, the similar materials as those of Fig. 1 can be used in the 
substrate 11 and in the base f i Im 12. A switching TFT 1301 and a current control 
TFT 1302 are then formed on the base film 12. 

[0191] 

The swi tching TFT 1301 comprises: gate electrodes 70a and 70b; a gate wi ring 
71 ; a gate insulating fi Im 72; a source region 73; a drain region 74; LDD regions 
75a to 75d; a high concentration impurity region 76; channel forming regions 
77a and 77b ; channe I protect i ng f i Ims 78a and 78b; a first interlayer insulating 
film 79; a source wiring 80; and a drain wiring 81. 

[0192] 

Further, the current control TFT 1 302 comprises: a gate electrode 82; the 
gate insulating film 72; a source region 83; a drain region 84; an LDD region 
85 ; a channe I f ormi ng regi on 86 ; achannel protect i ng f i Im 87 ; afirst interl ayer 
i nsu I at i ng f i Im 79 ; a source wi r i ng 88; and a drai n wi r i ng 89. The gate e lect rode 
83 is electrically connected to the drain wiring 82 of the switching TFT 1301 
at this point. 

[0193] 
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Note that the above switching TFT 1301 and the current control TFT 1302 
may be formed in accordancewith a known method of manufacturing a reverse stagger 
type TFT. Further, simi lar materials used in corresponding portions of the top 
gate type TFTs of embodiment 1 can be used for the materials of each portion 
(such as wi rings, insulating f i Ims, and act ive layers) formed in the above TFTs. 
Note that the channel protecting films 79a, 79b, and 88, which are not in the 
constitution of the top gate type TFT, may be formed by an insulating film 
containing silicon. Furthermore, regarding the formation of impurity regions 
such as the source regions, the drain regions, and the LDD regions, they may 
be formed by using a photolithography technique and individually changing the 
impuri ty concentration. 

[0194] 

When the TFTs are completed, a pixel having an EL element 1303 in which 
the first passivation film 41, the color filter 42, the fluorescent body 43, 
the second interlayer insulating film (leveling film) 44, the pixel electrode 
(anode) 45, the EL layer 46, the MgAg electrode (cathode) 47, the aluminum 
electrode (protecting electrode) 48 and the second passivation f i Im 49 are formed 
in order, is completed. Embodiment 1 may be referred to with respect to 
manufacturing processes and materials for the above. 

[0195] 

Note that it is possible to freely combine the constitution of embodiment 
5 with the constitution of any of embodiments 2 to 4. 

[0196] 

[Embodiment 6] 

It is effective to use a material having a high thermal radiating effect, 
similar to that of the first passivation f i Im 41 and the second passivation film 
49, as the base film formed between the active layer and the substrate in the 
structures of Fig.SC of embodiment 1 or Fig. 1. In particular, a large amount 
of current flows in the current control TFT, and therefore heat is easily 
generated, and deterioration due to self generation of heat can become a problem. 
Thermal deterioration of the TFT can be prevented by using the base film of 
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embodiment 6, which has a thermal radiating effect, for this type of case. 
[0197] 

The effect of protecting from the diffusion of mobile ions from the 
substrate is also very important, of course, and therefore it is preferable to 
use a lamination structure of a compound including Si, Al, N, 0, and M, and an 
insulating film containing silicon, similar to the first passivation film 41. 

[0198] 

Note that it is possible to freely combine the constitution of embodiment 
6 with the constitution of any of embodiments 1 to 5. 

[0199] 

[Embodiment 7] 

When the pixel structure shown in embodiment 3 is used, the light emitted 
from the EL layer is radiated in the direction opposite to the substrate, and 
therefore it is not necessary to pay attention to the transmissivi ty of materials, 
such as the insulating film, which exist between the substrate and the pixel 
electrode. In other words, materials which have a somewhat low transmiss i vi ty 
can also be used. 

[0200] 

It is therefore advantageous to use a carbon film, such as one referred 
to as a diamond thin film, a diamond-like carbon film, or an amorphous carbon 
film, as the base film 12 or the first passivation film 41. In other words, 
because it is not necessary to worry about lowering the transmissivi ty, the film 
thickness can be set thick, to between 100 and 500 nm, and it is possible to 
have a very high thermal radiating effect. 

[0201] 

Regarding the use of the above carbon films in the second passivation film 
49, note that a reduction in the transmissivi ty must be avoided, and therefore 
it is preferable to set the film thickness to between 5 and 100 nm. 

[0202] 



49 



Note that, in embodiment 7, it is effective to laminate with another 
insulating film when a carbon film is used in any of the base film 12, the first 
passivation film 41 and the second passivation film 49. 

[0203] 

In addition, embodiment 7 is effective when the pixel structure shown in 
embodiment 3 is used, and for other constitutions, it is possible to freely 
combine the constitution of embodiment 7 with the constitution of any of 
embodiments 1 to 6. 

[0204] 

[Embodiment 8] 

The amount of the off current value in the switching TFT in the pixel of 
the EL display device is reduced by us i ng a multi-gate structure for theswitching 
TFT, and the present invention is characterized by the elimination of the need 
for a storage capacitor. This is a device for making good use of the surface 
area, reserved for the storage capacitor, as an emitting region. 

[0205] 

However, even if the storage capacitor is not completely eliminated, an 
effect of increasing the effective emitting surface area, by the amount that 
the exclusive surface area is made smaller, can be obtained. In other words, 
the object of the present invention can be sufficiently achieved by reducing 
the value of the off current by using a multi-gate structure for the switching 
TFT, and by only shrinking the exclusive surface area of the storage capacitor. 

[0206] 

It is therefore possible to use a pixel structure such as that shown in 
Fig. 14. Note that, when necessary, the same symbols are used in Fig. 14 as 
in Fig. 1. 

[0207] 

The different point between Fig. 14 and Fig. 1 is the existence of a storage 
capacitor 1401 connected to the switching TFT. The storage capacitor 1401 is 
formed by a semiconductor region (lower electrode) 1402 extended from the drain 
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region 14 of the switching TFT 201, the gate insulating film 18, and a capacitor 
electrode (upper electrode) 1403. The capacitor electrode 1403 is formed at 
the same time as the gate electrodes 19a, 19b, and 35 of the TFT. 

[0208] 

A top view is shown in Fig. 15A. The cross sectional diagram taken along 
the line A-A' in the top view of Fig. 15A corresponds to Fig. 14. As shown in 
Fig. 15A, the capacitor electrode 1403 is electrically connected to the source 
region 31 of the current control TFT through a connecting wiring 1404 which is 
electrically connected to the capacitor electrode 1403. Note that the 
connection wiring 1404 is formed at the same time as the source wirings 21 and 
36, and the drain wirings 22 and 37. Furthermore, Fig. 15B shows the circuit 
constitution of the top view shown in Fig. 15A. 

[0209] 

Note that the constitution of embodiment 8 can be freely combined with the 
constitution of any of embodiments 1 to 7. In other words, only the storage 
capacitor is formed within the pixel, no limitations are added with regard to 
the TFT structure or the EL layer materials. 

[0210] 

[Embodiment 9] 

Laser crystallization is used as the means of forming the crystalline 
silicon film 302 in embodiment 1, and a case of using a different means of 
crystallization is explained in embodiment 9. 

[0211] 

After forming an amorphous silicon film in embodiment 9, crystallization 
is performed using the technique recorded in Japanese Patent Application 
Laid-open No. Hei 7-130652. The technique recorded in the above patent 
application is one of obtaining a crystalline silicon film having good 
crystal I i ni ty by using an element such as nickel as a catalyst for promoting 
crystal I izat ion. 

[0212] 
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Further, after the crystallization process is completed, a process of 
removing the catalyst used in the crystallization may be performed. In this 
case, the catalyst may be gettered using the technique recorded in Japanese 
Patent Application Laid-open No. Hei 10-270363 or Japanese Patent Application 
Laid-open No. Hei 8-330602. 

[0213] 

In addition, a TFT may be formed using the technique recorded in the 
specification of Japanese Patent Appl i cat ion Laid-open No. Hei 1 1-076967 by the 
applicant of the present invention. 

[0214] 

As described above, the processes of manufacturing shown in embodiment 1 
are one embodiment of the present invention, and provided that the structure 
of Fig. 1 or of Fig. 5C of embodiment 1 can be real ized, then other manufacturing 
process may also be used without any problems. 

[0215] 

Note that it is possible to freely combine the constitution of embodiment 
9 with the constitution of any of embodiments 1 to 8. 

[0216] 

[Embodiment 10] 

In driving the EL display device of the present invention, analog driving 
can be performed using an analog signal as an image signal, and digital driving 
can be performed using a digital signal. 

[0217] 

When analog driving is performed, the analog signal is sent to a source 
wiring of a switching TFT, and the analog signal, which contains gray scale 
information, becomes the gate voltage of a current control TFT. The current 
flowing in an EL element is then controlled by the current control TFT, the EL 
element emitting intensity is controlled, and gray scale display is performed. 

[0218] 
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On the other hand, when digital driving is performed, it differs from the 
analog type gray scale display, and gray scale display is performed by time 
division driving. Namely, by regulating the length of the emission time or the 
ratio of emitting surface area, color gray scales can be made to be seen visual ly 
as changing. 

[0219] 

The EL element has an extremely fast response speed in comparison to a I iquid 
crystal element, and therefore it is possible to have high speed driving. 
Therefore, the EL element is one which is suitable for time division driving, 
in which one frame is partitioned into a plural number of subframes and then 
gray scale display is performed. 

[0220] 

The present invention is a technique related to the element structure, and 
therefore any method of driving it may thus be used. 

[0221] 

[Embodiment 11] 

In embodiment 1 it is preferable to use an organic EL material as an EL 
layer, but the present invention can also be implemented using an inorganic EL 
material. However, current inorganic EL materials have an extremely high 
driving voltage, and therefore a TFT which has voltage resistance 
characteristics that can withstand the driving voltage must be used in cases 
of performing analog driving. 

[0222] 

Alternatively, if i norgan i c EL mater i a I s hav i ng lower dr i v i ng vo I tages than 
conventional inorganic EL materials are developed in the future, then it is 
possible to apply them to the present invention. 

[0223] 

Further, it is possible to freely combine the constitution of embodiment 
11 with the constitution of any of embodiments 1 to 10. 
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[0224] 
[Embodiment 12] 

An active matrix type EL display device (EL module) formed by implementing 
the present invention has superior visibi I i ty in bright locations in comparison 
to a liquid crystal display device because it is a self-emitting type device. 
It therefore has a wide range of uses as a di rect-view type EL display (indicating 
a display incorporating an EL module). 

[0225] 

Note that a wide viewing angle can be given as one advantage which the EL 
display has over a liquid crystal display. The EL display of the present 
invention may therefore be used as a display (display moni tor) having a diagonal 
equal to 30 inches or greater (typically equal to 40 inches or greater) for 
appreciation of TV broadcasts by large screen. 

[0226] 

Further, not only can i t be used as an EL display (such as a personal computer 
moni tor, a TV broadcast reception moni tor, or an advertisement display moni tor), 
it can be used as a display for various electronic devices. 

[0227] 

The fol lowing can be given as examples of such electronic devices: a video 
camera; a digital camera; a goggle type display (head mounted display); a car 
navigation system; a personal computer; a portable information terminal (such 
as a mobile computer, a mobile telephone, or an electronic book); and an image 
playback device using a recording medium (speci f ical ly, a device which performs 
playback of a recording medium and is provided with a display which can display 
those images, such as a compact disk (CD), a laser disk (LD), or a digital video 
disk (DVD)). Examples of these electronic devices are shown in Figs. 16A to 
16F. 

[0228] 

Fig. 16A is a personal computer, comprising a main body 2001, a casing 2002, 
a display device 2003, a keyboard 2004 and the I ike. The present invention can 
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be used in the display device 2003. 
[0229] 

Fig. 16B is a video camera, comprising a main body 2101, a display device 
2102, an audio input portion 2103, operation switches 2104, a battery 2105, an 
image receiving portion 2106 and the like. The present invention can be used 
in the display device 2102. 

[0230] 

Fig. 16C is a goggle display, comprising a main body 2201, a display device 
2202, an arm portion 2203 and the like. The present invention can be used in 
the display device 2202. 

[0231] 

Fig. 16D is a mobi le computer, comprising a main body 2301, a camera portion 
2302, an image receiving portion 2303, operation swi tches 2304, a display device 
2305 and the I ike. The present invention can be used in the display device 2305. 

[0232] 

Fig. 16E is an image playback device (speci f ical ly, a DVD playback device) 
provi ded wi th a record i ng med i urn, compr i s i ng a mai n body 2401, a record i ng med i urn 
(such as a CD, an LD, or a DVD) 2402, operation switches 2403, a display device 
(a) 2404, a display device (b) 2405 and the like. The display device (a) is 
mainly used for displaying image information, and the display device (b) is 
mainly used for displaying character information, and the present invention can 
be used in the display device (a) and in the display device (b). Note that the 
present invention can be used as an image playback device provided with a 
recording medium in devices such as a CD playback device and game equipment. 

[0233] 

Fig. 16F is an EL display, containing a casing 2501, a support stand 2502, 
a display device 2503 and the like. The present invention can be used in the 
display device 2503. The EL display of the present invention is especially 
advantageous for cases in which the screen is made large, and is favorable for 
displays having a diagonal greater than or equal to 10 inches (especially one 
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which is greater than or equal to 30 inches). 
[0234] 

Furthermore, if the emission luminance of EL materials becomes higher in 
future, then it will become possible to use the present invention in a front 
type or a rear type projector. 

[0235] 

The range of appl ications of the present invention is thus extremely wide, 
and it is possible to apply the present invention to electronic devices in all 
fields. Furthermore, the electronic devices of embodiment 12 can be realized 
by using any constitution of any combination of embodiments 1 to 11. 

[0236] 

[Effect of the Invention] 

By using the present invention, it becomes possible to form a pixel in which 
TFTs, having optimal performance in response to the specifications required by 
elements, are formed on the same substrate, and the operation performance and 
reliability of an active matrix type EL display device can be great ly increased. 

[0237] 

Furthermore, by using this type of EL display device as a display, it becomes 
possible to produce applied products (electronic equipment) having good image 
quality and durability (high reliability). 

[Brief Description of the Drawings] 

[Fig. 1] Fig. .1 is a diagram showing the cross sectional structure of the pixel 
portion of an EL display device. 

[Fig. 2] Figs. 2A and 2B are diagrams showing the top view and the compos i t ion, 
respectively, of the pixel portion of an EL display device. 

[Fig. 3] Figs. 3A to 3E are diagrams showing manufacturing processes of an 
active matrix type EL display device. 

[Fig. 4] Figs. 4A to 4D are diagrams showing manufacturing processes of an 
active matrix type EL display device. 
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[Fig. 5] Figs. 5A to 5C are diagrams showing manufacturing processes of an 
active matrix type EL display device. 

[Fig. 6] Fig. 6 is a diagram showing an external view of an EL module. 

[Fig. 7] Fig. 7 is a diagram showing the ci rcui t block structure of an EL display 
devi ce. 

[Fig. 8] Fig. 8 is an enlarged diagram of the pixel portion of an EL display 
dev i ce. 

[Fig. 9] Fig. 9 is a diagram showing the element structure of a samp I ing ci rcui t 
of an EL display device. 

[Fig. 10] Fig. 10 is a diagram showing the composition of the pixel portion of 
an EL display device. 

[Fig. 11] Fig. 11 is a diagram showing the cross sectional structure of the pixel 
portion of an EL display device. 

[Fig. 12] Figs. 12A and 12B are diagrams showing the top vi ew and the compos i t ion, 
respectively, of the pixel portion of an EL display device. 

[Fig. 13] Fig. 13 is a diagram showing the cross sectional structure of the pixel 
portion of an EL display device. 

[Fig. 14] Fig. 14 is a diagram showing the cross sectional structure of the pixel 
portion of an EL display device. 

[Fig. 15] Figs. 15A and 15B are diagrams showing the top view and the compos i t ion, 
respectively, of the pixel portion of an EL display device. 

[Fig. 16] Figs. 16A to 16F are diagrams showing specific examples of electronic 
equipment. 

[Fig. 17] Figs. 17A and 17B are diagrams showing external views of an EL module. 

[Fig. 18] Figs. 18A to 18C are diagrams showing manufacturing processes of a 
contact structure. 

[Fig. 19] Fig. 19 is a diagram showing the laminate structure of an EL layer. 
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[Name of Document] Abstract 

[Summary] 

[Probl em] 

An object of the present invention is to provide an EL display device having 
a high operation performance and reliability. 

[Solving Means] 

The switching TFT 201 formed within a pixel has a multi-gate structure, 
which is a structure which imposes an importance on reduction of OFF current 
value. Further, the current control TFT 202 has a channel width wider than that 
of the switching TFT to make a structure appropriate for flowing a large amount 
of electric current. Moreover, the LDD region 33 of the current control TFT 
202 is formed so as to overlap a portion of the gate electrode 35 to make a 
structure which imposes importance on prevention of hot carrier injection and 
reduction of OFF current value. 

[Selected Drawing] FIG. 1 
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Reference Number = P00421 1-01 Patent Application No. Hei 11-158787 

[Name of Document] Drawing 

[FIG. 1] 
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